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INTRODUCTION 


Since  naturally  occurring  platinum  metal  has  six  stable  isotopes, 
radioactive  isotopes  having  several  different  half -lives  are  produced  when 
natural  platinum  captures  slow  neutrons.    The  assignment  0f  ''•l-minutes,  half- 
period  activity  to  Ft19?  was  first  made  by  McMillan  et.  a.l.  (l)  in  1937.  The 
radioactive  Ft1"  is  produced  when  stable  Ft1"  caDtures  slow  neutrons,  which 
then  decays  by  electron  emission  to  nuclear  energy  levels  in  Au1".  Sub- 
sequent gamma  ray  emission  produces  Au1"  in  its  ground  state.    However,  the 
loo 

ground  state  of  Au  -7  is  not  stable,  and  decays  by  electron  emission  (2)  to 
nuclear  levels  in  Kg19?.    The  half-period  of  this  decay  is  3.2  days. 

The  beta  decay  of  Ft1"  was  studied  in  some  detail  by  Le.  Blanc  et.  al. 
(3)  employing  a  1?0°  magnetic  photographic  spectrometer  and  a  Nal  (Tl) 
scintillation  spectrometer.    Later  Joshi  et.  al.  (h,5)  used  Nal  (Tl)  and 
anthracene  scintillation  spectrometers  and  a  lens  type  magnetic  spectrometer 
in  coincidence  arrangement  in  their  study  of  Ft1"  decay.    More  recently 
Elack  (6)  has  used  a  Ge(Li)  solid  state  detector  in  his  investigation  of  the 
gsmma  rays  emitted  in  beta  decay  of  Ft1". 

A  summary  of  the  gamma  ray  energies  and  their  relative  intensities  from 
previous  work  (3,5,6)  is  given  in  Table  1. 

It  is  seen  from  Table  1. that  eleven  new  gamma  rays  were  found  by  Black  (6) 
which  were  not  detected  earlier  (3,5).    There  is  also  slight  disagreement 
between  the  relative  intensities  of  the  gamma  rays  found  by  the  two  groups 
(5,6).    A  gamma  ray  of  energy  197  kaV  is  reported  by  two  groups  (%5)  and  a 
gamma  ray  of  energy  186  keV  is  reported  by  the  third  investigator  (6). 

The  principal  aims  of  the  present  investigation  of  the  beta  decay  of 
Ft1"  are  as  follows: 


Table  1. 


Relative  intensities  of  gamma  rays  in  the  bets  decay  of 
Pt1??.    Gamma  ray  energies  are  in  keV.  Relative 
intensities  are  given  in  parentheses. 
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To  see  whether  the  eleven  new  gamma  rays  reported  by  Black  (6)  are 
indeed  present. 

To  check  the  half -lives  of  all  the  gamma  rays.    Ml  of  the  gamma  rays 
in  the  decav  of  Ft1??  should  have  s  half -period  of  ">1  minutes.    This  step 
is  very  important.    Many  examples  are  found  in  which  gamma  rays  were  assigned 
to  wrong  isotopes  due  to  neglect  in  following  the  half -life. 

To  measure  accurately  the  relative  intensities  of  the  gamma  rays. 

To  find  out  whether  both  of  the  gamma  rays  of  energies  197  and  186  keV 
are  present,  or  only  one  of  them  is  present. 

With  these  aims  in  sight,  high  resolution  Ge(Li)  solid  state  detectors 
are  employed  in  the  present  experiment.    The  radioactive  Ft1??  was  produced 
by  slow  neutron  capture  by  platinum  metal  which  is  enriched  in  Pt1^  isotope. 
Irradiation  of  slow  neutrons  was  done  in  the  Triga  Mark  II  reactor  at  Kansas 
State  University. 


INTERACTION  OF  GAMMA  RAYS  IN  Ge(Li)  DETECTO? 

Ge(Li)  Detector: 

A  lithium  drifted  Germanium  detector  (usually  called  a  Ge(Li)  detector) 
is  basically  a  solid  state  ionization  device  which  converts  ionization  pro- 
duced in  the  crystal  into  an  electric  pulse.    Such  a  detector  is  fomed  by 
drifting  lithium  into  a  p-type  germanium  crystal  (7).    This  process  produces 
a  heavily  doped  n-type  front  surface,  a  central  region  called  an  intrinsic 
region,  and  a  p-type  back  surface.    This  arrangement  is  technically  known  as 
a  p-i-n  structure.    A  voltage  gradient  of  the  order  of  00-100  volt/mm  is 
applied  across  the  two  surfaces.    A  schematic  diagram  of  a  Ge(Li)  detector  is 
shown  in  Plate  I.    Interaction  of  photons  within  the  intrinsic  region  creates 
high  speed  electrons  which  lose  their  energy  by  producing  free  charge 
carriers  (electron-hole  pairs).    Under  the  action  of  applied  voltage  gradient, 
their  charges  are  collected  producing  a  charge  pulse.    These  charge  pulses 
are  proportional  to  the  energies  of  the  photons. 

There  are  twelve  ways  (8)  by  which  gamma  rays  can  interact  with  any 
matter  including  a  Ge(Li)  detector.    However,  only  three  modes  are  most 
important  over  an  energy  interval  of  about  5  Kev  to  5  Mev.    Gamma  rays  found 
in  radioactive  decay  have  generally  energies  within  this  energy  range.  These 
three  processes  are  photo  electric  effect,  Compton  scattering,  and  pair 
production. 

The  major  features  of  a  differential  pulse-height  spectrum  of  gamma  rays 
(sometimes  called  a  singles  spectrum)  are  produced  when  incident  photons 
interacting  by  the  above  three  modes  give  up  all  or  a  part  of  their  energy 
producing  charge  pulses  in  the  Ge(Li)  detector. 
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Photoelectric  refect: 

In  this  interaction,  the  entire  photon  energy  is  absorbed  by 
a  bound  electron.    The  gamma  ray  energy  then  appears  as  the  kinetic  energy 
of  that  electron  as  it  is  ejected  from  the  atom  and  an  X-ray  cr  Auger  electron 
emitted  by  the  residual  atom.    The  cross  section  for  this  process  is  propor- 
tion?! to  TP  and  increases  rapidly  with  decreasing  photon  energy.    Here,  Z  is 
the  atomic  number  of  the  intrinsic  layer  material.    The  low  energy  X-ray  is 
invariably  absorbed  in  a  second  photoelectric  encounter  before  it  can  escape 
from  the  crystal.    As  a  result,  the  total  photon  energy  appears  as  electron 
kinetic  energy. 

Compton  Scattering: 

In  this  process  the  incident  photon  is  scattered  by  a  free 
electron  with  partial  energy  loss  which  depends  on  the  angle  of  scattering. 
The  kinetic  energy  of  the  electron  lie-8  between  zero  and  an  upper  energy 
limit  which  is  a  function  of  the  incident  photon  energy.    This  type  of 
scattering  gives  rise  to  a  continuous  electron  distribution  between  these 
limits.    The  cross  section  for  this  process  is  proportional  to  Z  and  is  not 
as  highly  energy  dependent  as  photo  electric  effect. 

Pair  Production: 

The  above  two  processes  are  possible  with  varying  probability 
for  all  energies  of  incident  photons.    However,  the  pair  production  process 
has  an  energy  threshold  at  which  this  mode  starts.    This  threshold  has  a 
value  of  1.022  Mev  which  is  equal  to  the  combined  positron-electron  rest  mass. 
Above  this  energy  threshold,  the  cross  section  for  this  process  is  orcoor- 
tionsl  to  Z  .    In  the  pair  production  encounter  all  of  the  gajnma  rays  energy 
is  absorbed  and  appears  as  the  total  kinetic  energy  of  the  positron-electron 
pair  (i;^  -  1.022  Kev)  plus  the  rest  mass  of  the  pair.    Here  Ey  is  the 


energy  of  the  incident  photon.    The  pair  will  lose  its  kinetic  energy  in 
further  interactions.    The  positron  which  is  unstable  will  eventually 
annihilate  with  an  atomic  electron  producing  two  photons  each  of  energy 
O.^ll  Mev.    These  two  photons  are  emitted  130°  to  each  other.    If  both  of 
these  photons  are  also  absorbed  in  the  detector  a  full  energy  peak  will  appe 
at  E^.    One  or  both  of  these  photons  escaping  from  the  detectors  without 
further  interactions  will  produce  two  satellite  peaks  at  (E^  -  O.^ll  Kev) 
and  (E^  -  1.022  Kev),  respectively. 

The  details  of  these  three  processes  are  discussed  in  detail  elsewhere 
(8).    The  variation  of  absorption  cross  section  with  photon  energy  in 
germanium  is  shown  in  Plate  II.    A  typical  gamma  ray  spectrum: 

The  above  mentioned  three  interaction  processes  in  a  C-e(Li)  detector 
will  generate  a  differential  energy  spectrum  of  gamma  rays.    The  energy 
spectrum  for  every  monocnergetic  gamma  ray  of  energy  E>^  will  have  the  follow 
ing  charachteristics. 

There  will  be  a  "photopeak"  at  energy  E w  corresponding  to  total 
absorption  of  gamma  ray.    Multiple  processes  also  will  contribute  to  this 
peak  as  much  or  more  than  the  photoelectric  encounter.    Such  multiple  events 
are  Compton  scattering,  followed  by  a  photoevent,  and  pair  production,  in 
turn  followed  by  the  complete  absorption  of  the  two  annihilation  quanta. 
Therefore,  the  peak  at  E«  is  known  as  "full  energy  peak".    The  contribution 
of  multiple  processes  to  the  full  energy  peak  is  determined  by  the  size  of 
the  detector,  source  geometry  and  also  on  the  energy  of  the  gamma  ray. 

Corresponding  to  each  full  energy  peak  at  H^,  there  will  be  a  Compton 
distribution  which  will  result  when  the  Compton  electrons  are  absorbed  and 
the  scattered  photons  escape  the  detector.    For  the  maximum  energy  of  the 
Compter,  electrons  the  pulse  absorbed  is  known  as  the  Compton  ed^.e.  There 


EXPLANATION  OF  PLATE  II 
Variation  of  the  photoelectric,  Conpton,  and 
pair-production  cross  sections  in  germanitmi 
a  function  of  gamma  nay  energy. 


PLATE  II 

2 


100  1000 
ENERGY  KeV 


will  also  be  a  peak  called  "back  scattered  peak1'  superimposed  on  the  rather 
flat  energy  distribution  of  Compter)  electrons,  which  extends  to  zero  energy. 

If  E^  is  greater  than  1.022  Mev,  in  addition  to  the  above  distributions, 
other  satellite  peaks  appear  for  each  full  energy  peak  at  E^.    If  one  of  the 
annihilation  quanta  escapes  the  detector  after  the  pair  production  encounter, 
a  peak  will  appear  at  an  energy  (E>^  -  0.£11  Mev).    If  both  of  the  annihi- 
lation quanta  escape  detection  another  peak  will  appear  at  an  energy 
(E^  -  1.022  Kev).    There  will  also  be  a  peak  at  0.511  Kev  corresponding  to 
annihilation  quanta  which  are  produced  after  pair  production  event. 

In  addition  to  the  above  distributions  there  will  usually  be  a  continuous 
bremsstrahlung  radiation  produced  by  electrons  of  beta  decay  going  through 
any  intervening  absorber  between  the  source  and  the  detector.    This  absorber 
is  necessary  to  stop  beta  rays  reaching  the  detector  and  being  counted  by 
the  detector. 

A  schematic  diagram  of  a  singles  spectrum  of  a  gamma  ray  of  energy 
E^Kev  is  shown  in  Plate  III. 

V/hen  there  are  numerous  gamma  rays,  each  gamma  ray  would  have  an  energy 
spectrum  like  that  of  Plate  III.    Because  of  this  the  actual  spectrum  will 
be  very  complicated.    However,  the  full  energy  peak  corresponding  to  each 
gamma  ray  usually  stands  out  distinctly,  if  the  energy  resolution  of  the 
detector  is  good. 

The  resolution  for  the  Ce(Li)  detector  is  measured  in  terms  of  the  full 
width  at  half  the  maximum  height  of  the  full  energy  peak.    It  is  written  as 
PrfHM.    The  smaller  the  FtfHM  is,  better  the  resolution  is.    The  intensity  of 
any  gamma  ray  is  proportional  to  the  area  under  the  full  energy  peak.  The 
full  intensity  of  the  gamma  ray  would  correspond  to  the  area  under  the  full 
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singles  spectrum  of  Plate  III,  for  every  ??ra?.  rp.y.    For  a  complicated  spectrin 
this  would  be  difficult  to  resolve  for  each  gamma  ray.    To  get  around  this 
difficulty,  a  ratio  called  peak  to  total  ratio  is  experimentally  measured  for 
a  given  detector  and  given  source  geometry,  by  employing  monoenergetic  gamma 
ray  sources.    This  ratio  is  then  used  to  get  the  full  intensity  of  each 
gamma  ray  in  complicated  spectrum. 


EXPERIMENTAL  SET-UP 


The  experimental  set-up  used  for  detection  of  gamma  rays  in  this 
experiment  consists  of  (a)  the  Detector -Dewar  System,  (b)  Electronics,  and 
(c)  Ge(Li)  detector. 

(a)  The  Detector-Dewar  System: 

A  bias  voltage  of  -I4OO  volts  is  maintained  across  the  two  faces  of  the 
detector  manufactured  by  SSR  and  +hl\0  volts  for  the  detector  manufactured  by 
Isotopes,  Inc.    In  order  to  reduce  the  detector  leakage  current,  they  were 
operated  at  liquid  nitrogen  temperature  (77°K).    Also,  the  detectors  were 
kept  in  vacuum  to  avoid  condensation  and  contamination  of  the  detector  surface 
The  Isotope  detector  is  mounted  on  a  cold  finger  in  contact  with  liquid 
nitrogen.    Liquid  nitrogen  is  contained  in  a  dewar  which  has  capacity  of 
25  liters.    The  whole  system  is  kept  inside  a  steel  container,  forming  a 
detector -dewar  system.    The  same  kind  of  precaution  was  taken  also  for  the 
SSR  detector. 

In  the  case  of  the  Isotopes  detector,  the  distance  between  the  detector 
and  the  steel  window  is  0.)a7cm.    The  steel  window  is  0.025!.cm  thick. 
Unfortunately,  it  acts  as  an  absorber  to  the  incident  gamma  rays  of  low 
energy.    There  was  no  such  difficulty  for  the  SSR  detector  which  has  an 
aluminum  window.    Schematic  diagram  of  the  detector-dewar  system  is  shown 
in  Plate  IV. 

(b)  Electronics: 

The  electrical  pulses  produced  in  Ge(Li)  SSR  detector  were  first 
amplified  in  a  low-noise  charge  preamplifier:  Tennelec  Model  TC  1^0.    It  has 
a  charge  sensitivity  of  J>i|jnv/Mev  loss  in  a  Ge(Li)  detector,  according  to 
specifications.    Also  for  the  Isotopes  detector  a  T  M  C  FET  preamplifier  was 
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used.    It  has  a  charge  sensitivity  of  "£0nv/>iev  in  a  Silicon  detector  with 
normal  setting  and  a  1.0-picrofared  feed-back  capacity. 

The  signal  was  further  amplified  by  a  linear  amplifier,  Tennelec 
Model  TC  200.    This  amplifier  has       pulse  shaping  and  a  total  amplifier  gain 
of  U  to  20U8  with  an  integral  nonlinearity  of  less  than  0.05  ?er  cent  of 
rated  output  as  given  by  the  manufacturer's  specifications. 

The  pulses  were  finally  registered  according  to  energy  by  a  pulse-height 
Analyzer.    The  Analyzer  was  a  I-096-channel  Multiparameter  pulse  /nalyzer 
with  Model  21"*  Pulse  Height  Logic  Units.    This  analyzer  system  has  a 
differential  linearity  of  2  per  cent  of  full  scale,  a  time  stability  of  less 
than  0.5  per  cent  of  full  scale  channel  drift  per  ''O0  centigrade  and  can 
accept  as  many  as  5  x  10^  counts  per  second  with  no  change  in  drift  or 
linearity,  according  to  specifications. 

A  block  diagram  of  the  electronics  is  also  shown  in  Plate  IV. 
(C)  The  characteristics  of  the  two  Ge(Li)  detectors  used  are  given  in  Table  2. 


EXPERIMENTAL  PROCEDURE 


Source  Freparaticr.: 

Radioactive  Pt^9  is  produced  when  slow  neutrons  are  captured  by  stable 
Many  unwanted  inpurities  will  be  produced  if  naturally  occurring 
platinum  metal  is  used.    Table  3-  Rives  the  isotopic  composition  (9)  of 
naturally  occurring  platinum  metal.    Table  3«  also  lists  the  impurities  that 
will  be  produced  by  slow  neutron  capture,  half -periods  and  the  intense  gamma 
rays  emitted  by  their  decay.    Ey  choosing  the  exposure  time  of  30  minutes  in 
the  reactor,  the  contribution  of  impurities  can  be  reduced.    Further  reduc- 
tion of  these  interfering  activities  can  be  achieved  by  using  a  sample  of 
platinum  metal  which  has  been  enriched  in  the  Pt^  isotope. 

In  the  present  experiment  a  few  milligram  quantities  of  platinum  metal, 
isotopically  enriched  in  Pt"^"  were  used  to  produce  Pt^^.    Enriched  samples 
were  purchased  from  Oak  Ridge  National  Laboratories.    The  isotopic  composition 
of  the  source  used  is  given  in  Table  h*    Although,  the  percentage  of  ?t^'J 
and  Ft^-*  is  reduced  from  natural  sample,  the  percentage  of  Pt-^  is  more 
than  in  the  natural  sample.    However,  the  percentage  of  Ft1?"  in  this  sample 
is  increased.    Due  to  short  time  of  exposure  (30  minutes),  contribution  of 
expected  to  interfere  the  most. 

Since  Au1^,  the  daughter  in  the  beta  decay  of  Ft1^  is  itself  radio- 
active (half -life  3.2  days),  its  interference  will  increase  with  time.  Hence 
in  determining  the  relative  intensities  of  gamma  rays  in  the  beta  decay  of 
Pt^-^9  correction  for  the  impurity  gamma  rays  may  be  necessary. 

The  sources  were  deposited  between  two  Scotch  tapes. 
Geometry  of  Source: 

For  the  case  of  the  SSP  detector,  the  source  was  fixed  in  front  of  the 
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Table  U« 

Isctopic  composition  of  the  platinum  metal 
sample  used  in  the  present  experiment. 


Stable  Isotope 

Percentage  Abundance 

?t190 

0.05 

Ft1?2 

0.05 

Ft19).i 

5-82  *  0.05 

Pt1^ 

13.6$  +  0.05 

?t196 

36.17  +  o.l 

Pt19B 

UU-36  +  0.1 

Note:    Data  of  this  tabic  were  supplied  by 
Oak  Ridge  National  Laboratory, 
Oak  Ridge ,  Tennessee . 


23 


detector  and  right  on  the  face  of  the  lucite  -window.    The  function  of  this 
Incite  window  is  to  absorb  fill  the  beta  rays  from  the  source.    The  thickness 
of  the  lucite  absorber  was  6.1mm.    This  absorber  absorbs  bets  rays  of  the 
order  of  2.0  Kev.    The  distance  between  the  source  and  the  detector  was  h.2cm. 
No  other  extra  absorbers  were  used  in  this  experiment. 

While  using  the  Isotopes  detector  the  source  was  placed  11.2cm  away  from 
the  0.°cm  thick  lucite  beta  absorber.    This  Lucite  absorbs  beta  rays  of  the 
order  of  2.5  Mev.    No  other  absorbers  were  used.    The  actual  distance  between 
p^.199  source  ST£  the  detector  was  12.6  cm. 
Energy  Spectrum  of  Gamma  Rays: 

A  differential  pulse  height  spectrum  of  gamma  rays  commonly  called 
singles  spectra  were  taken  for  Ft19?  source  using  two  different  detectors  at 
two  different  amplifier  gains  for  low  energy  and  high  energy,  respectively. 

Plates  VI  and  VIII  show  singles  spectra  of  gamma  rays  from  Ft1"  for  i^m 
energy  and  high  energy  portions,  respectively,  using  SSR  detector.    They  have 
been  corrected  by  subtracting  background  radiations  which  were  accumulated 
without  the  source  for  the  same  period  of  time  and  for  each  amplifier  gain 
separately. 

Likewise,  Plates  V  and  VII  show  singles  spectra  from  Ft19?  for  low  energy 
and  high  energy  portions  respectively,  using  Isotopes  detector.    Again  these 
spectra  are  corrected  for  background. 

The  sources  which  were  used  for  energy  calibration  of  the  spectrometer 
and  the  gamma  rays  emitted  by  them  are  given  below. 
Ba1^       60,  273,  302,  355,  and  332  keV 
Na22    —  511  and  1276  keV 
Bi2°7       57o,  106k,  and  1771  keV 


Co60    —  1173  and  1333  keV 

Ca^  —  662  keV 

Half -life  Determin?tion: 

As  long  as  the  length  for  accumulation  of  data  is  very  small  compared 
with  the  half  life  of  isotope;  the  midpoint  of  the  true  time  interval  serves 
well.    However,  if  the  time  is  not  small  (say,  l/h  of  a  half  life  or  greater) 
then  the  midpoint  does  not  very  accurately  represent  the  time  for  the 
accumulation  of  data.    For  a  better  time  one  should  choose  the  time  during 
the  accumulation  of  data  at  which  the  instantaneous  counting  rate  is  equal  to 
the  average  counting  .rate  over  the  entire  duration.    The  formula  used  was 

J-     X       i  _  e-Xt2 
Where  ti  =  start  time  for  the  accumulation  of  data 
\>2  ~  true  time 

T    =  the  time  to  represent  the  accumulation  of  data 
X    =  i^?—  =  decay  constant 

h/2 

To  confirm  whether  the  observed  new  gamma  rays  belong  to  Pt^9  or  not  (if 
they  have  the  31  minute  half -life  or  not)  the  accumulation  of  data  is  con- 
tinued for  3  to  h  half  lives  of  time.    Normally  the  data  is  accumulated  for 
a  specific  duration  of  time.    Then  after  correcting  for  background  the  counts 
under  the  peak  for  each  accumulation  period  are  found.    To  find  the  half -life, 
the  counting  rates  are  plotted  against  the  time  on  a  semi-log  graph  paper. 
This  gives  a  rough  estimate  of  the  half  life.    The  data  was  processed  in  the 
computer  by  a  least  squares  fitting  procedure  giving  more  accurate  value  cf 
half-life.    For  a  typical  lamina  ray  of  energy  $hl  Kcv,  both  procedures  of 
finding  half -life  are  given  in  Plate  EC. 


EXPLANATION  OF  PLATE  V 
The  low  energy  gamma  ray  spectrum  of  No  extra 

absorbers  were  used  between  the  source  and  the  detector. 
The  Isotopes  detector  was  used  in  accumulating  this 
spectrum. 


(  OlX)~iN'NVHD  H3d  SINinOO 


EXPLANATION  OF  FLATE  VI 
The  low  energy  gamma  ray  spectrum  of  Ft1?? .    No  ertra 
absorbers  were  used  between  the  source  and  detector. 
The  SSR  detector  was  used  in  accumulating  this 
spectrum. 
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PLATE  VI 
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EXPLANATION  OF  PLATE  VII 

199 

The  high  energy  gamma  ray  spectrum  of  Pt      .    No  extra 
absorbers  were  used  between  the  source  and  the  detector. 
The  Isotopes  detector  was  used  in  accumulating  this 
spectrum. 


EXPLANATION  OF  PLATE  VIII 
The  high  energy  gamma  ray  spectrum  of  Pv*".    »,;0  extra 
absorbers  were  used  between  the  source  and  the  detector 
The  SS?.  detector  was  used  in  accumulating  this  spectrum 
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Apart  from  this  normal  procedure  of  finding  half -life  by  least  squares 
fitting,  one  sometimes  encounters  a  mixture  of  gamma  rays  of  the  same  energy 
but  two  different  half-lives,  which  normally  belong  to  two  different  isotopes 
In  such  cases  one  has  to  follow  at  least  3  to  U  both  half -lives. 

In  the  present  studies  of  Ft19<? f  it  has  been  found  that  the  192  Kev 
gamma  ray  decays  with  at  least  two  half -lives.    To  separate  the  two  component 
at  192  Kev  gamma  ray,  data  was  accumulated  for  about  5U  hours.    Then  accorcin 
to  half -life  determination  procedure,  which  has  been  described  above,  the 
background  subtracted  counts  were  plotted  on  a  semilog  paper  as  a  function 
of  time.    This  plot  shows  two  slopes  distinctly.    This  typical  plot  is  given 
in  Plate  X  which  explains  the  mixture  of  two  components  of  192  Kev  gamma 
ray.    Where  one  component  is  long  lived  and  the  other  is  short  lived. 

The  long-lived  component  is  extrapolated  to  zero  tine.    Then  the 
extrapolated  count  rate  of  long-lived  192  Kev  gamma,  ray  component  is  sub- 
tracted from  the  total  count  rate  at  any  given  time.    The  remainder  (count 
rate)  is  replotted  as  another  line,  the  slope  of  which  gives  the  half  life 
of  the  short-lived  192  Kev  gamma  ray  component. 

From  the  slope  of  these  two  lines  10  minute  and  18  hours,  short  and  long 
lived  half-lives  are  found  for  the  two  components  of  192  Kev  gamma,  ray 
respectively.    The  30  minute  component  is  in  the  decay  of  and  18  hour 

component  is  identified  as  the  well  known  gamma  ray  in  the  beta  decay  of 

By  the  analysis  of  half -life  determination  of  192  Kev  gamma  ray,  it  was 
possible  to  separate  the  30-minute  Pt1"  gamma  ray  count  rate.    So  in  finding 
the  intensity  of  30-minute  192  Kev  gamma  ray  the  separated  counts  were  used, 
which  gives  the  pure  intensity  of  10-minute  192  Kev  gamma  ray. 


EXPLANATION  OF  PLATE  DC 
Decay  of  5U3-i»V  gamma  ray.    The  line  is  the  least  squares  fit. 
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EXPLANATION  OF  PLATE  X 
The  curve  shows  the  data  of  short  and  long  lived 
components  of  the  192-keV  gamma  ray.    The  long-lived 
18-hour  component,  which  has  been  shown,  wss  sub- 
tracted from  the  original  dsta  to  find  the  he If -life 
of  the  short  lived  component.    This  has  been  replotted 
in  minutes  (upper  line),  giving  a  30  minute  half- 
life  for  the  192-keV  gamma,  ray. 


EXPLANATION  OF  PLATS  XI 
The  Detection  efficiency  "e"  nnd  the  correction  factor 
which  is  "l/e"  is  plotted  as  a  function  of  gamma-ray  energy. 


PLATS  XI 


ho 


Determination  of  Relative  Intensities: 

The  full  energy  peaks  in  a  given  spectrum  are  used  to  determine  the 
relative  intensities  of  gamma  rays.    However,  because  of  the  scattering 
distribution  in  a  spectrum,  the  total  number  of  gamma  rays  entering  into 
the  detector  should  be  corrected  for  peak  to  total  ratio  and  the  detector 
efficiency. 

The  peak-to-total  ratio  is  defined  as  the  fraction  of  the  total  number 
of  events  in  the  pulse-height  spectrum  which  appear  in  the  full-energy  peak. 
The  experimental  measurement  of  the  full  energy  peak  to  total  ratio  and  the 
calculation  of  the  detector  efficiency  were  necessary  for  the  determination 
of  relative  gamma-ray  intensities. 

These  peak-to-total  ratios  for  two  different  detectors  have  been  measured 
for  SSH  detector  by  Agin  (10)  and  for  Isotopes  detector  by  Chao  (11), 
respectively. 

The  areas  under  the  full  energy  peaks  were  obtained  from  the  differen- 
tials pulse  height  distribution  of  gamma  rays  in  the  decay  of  Pt1^  by  summing 
the  counts  per  channel  over  the  peak  areas,  and  subtracting  an  estimated 
Compton  background.    Then  for  several  sots  of  different  data  for  each  gamma 
ray  a  least-squares  fit  is  plotted  as  the  In  of  counting  rate  vs  time  from 
which  the  uncorrected  counts  were  obtained  from  half  life  plot.  These 
quantities  are  then  called,  "Uncorrected  counts"  -  Y  (0).    The  corrected  counts 
were  then  obtained  by  multiplying  the  uncorrected  counts  by  appropriate 
correction  factors  for  detection  efficiency  and  peak-to-total  ratio.  The 
total  correction  factor  is  the  product  of  the  reciprocals  of  the  detection 
efficiency  (e)  and  the  peak-to-total  ratio,  (P/T)  respectively.    The  corrected 
counts  were  normalized  to  the  &3  keV  gamma  ray  which  is  the  most  intense 
one,  and  by  definition  called,  100  in  intensity.    Then  the  other  gamma  rays 


ill 


were  compared  for  intensity  with  respect  to  5U3  keV,  which  is  100  in  intensity. 

19°  199 

The  77-keV  gamma  ray,  which  was  mixed  with  Kr  X-rays  of  Ft  *'  and  Avr77 

was  first  corrected  for  3»2  days  hvr7^  activity.    Then  these  corrected  counts 

199 

were  used  to  find  the  ratio  of  K&  and       of  Ft  77 .    Using  the  experimentally 
measured  (12)  values  of  Kn/KJ£ ratio ,  the  actual  counts  in  77  keV  gamma  ray 
were  found.    The  details  of  separation  of  77  keV  gamma  ray  counts  from  Kp 
X-ray  is  given  in  the  Appendix*    These  separated  counts  from  K^were  used  to 
find  the  relative  intensity  of  77  keV  gamma  ray. 

Several  gamma  ray  spectra  like  the  ones  shown  in  Plates  V  and  VI  and 
VIII  were  used  to  calculate  the  gamma  ray  relative  intensities  of  ?t-yy  decay. 
Tables  $•  and  6.  show  uncorrected  counts,  and  the  corrections  used  to  deter- 
mine Pt^-99  gemma  ray  intensities,  using  two  different  detectors. 

Comparison  of  the  relative  intensities  determined  in  this  experiment 
with  previously  measured  intensities  is  shown  in  Table  8. 


RESULTS  AND  DISCUSSION 

The  eleven  new  gemma  rays  reported  by  Black  (6)  were  not  all  observed 
in  the  present  investigation  of  the  beta  decay  of  Pt  In  addition,  two 

new  gamma  rays  were  observed,  which  were  not  reported  earlier. 

In  this  experiment  h  to  8  half-lives  were  followed  for  each  gamma  ray. 
Each  one  of  those  which  is  given  in  Table  8.  has  a  31  minute  half -life  with 
maximum  3  per  cent  error.    But  in  the  case  of  192-keV  ganma  ray,  which  was  a 
mixture  of  long  lived  and  short  lived  components,  investigation  for  half -life 
data  accumulation  was  carried  out  above  two  days  (h8  hours).    After  plotting 
the  counts  as  a  function  of  time,  it  became  apparent  that  the  192-keV  gamma 
ray  consists  of  two  components,  one  belonging  to.  beta  decay  of  0f 
30-minute  half  life  and  another  to  Ft1??  of  18-hour  half  life.    The  percentage 
of  18  hour  component  was  2.7  of  the  30  minute  activity  at  the  time  the  sample 
came  out  of  the  reactor.    The  192-keV  gamma  ray  was  missed  by  Black  (6),  due 
to  neglect  in  following  the  half  life. 

Out  of  the  eleven  new  gamma  rays  reported  by  Black  (6)  the  two  836  and 
839  keV  were  not  observed  presently.    If  they  were  present,  the  intensities 
reported  by  Black  (6)  in  Table  1.  were  l.h  and  2.1  for  8^6  and  889  keV 
gamma  rays, respectively,  were  too  large.    The  upper  limits  on  the  relative 
intensities  of  81*1  and  89U  keV  gamma  rays  from  the  present  work  are  0.U2  and 
0.16,  respectively. 

The  156  keV  gamma  ray  was  reported  by  Black  (6)  and  197  keV- gamma  ray 
was  reported  by  Joshi  (3,5)  were  both  observed  in  the  present  investigation. 
The  relative  intensity  of  186  keV  gamma  ray  given  by  Black  (6)  was  larger 
than  presently  observed.    The  energy  given  by  Joshi  (3,5)  197  keV  and  relative 
intensity  were  not  correct.    The  accurate  values  of  energy  and  relative 
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Table  5. 

The  uncorrected  counts  and  the  correction  factors  used  to  determine  Ft1?? 
gamma  ray  relative  intensities,  using  Isotopes  detector. 


Gamma-ray         Uncorrected        Peak-to-Total        Efficiency  RelatiVe 


Lew  energy 

77 

166 

2U-7 

192 

131.200 

219 

2.26 

226 

0.61 

2L6 

6.3 

317 

8.9 

High  energy 

186  +  192 

80.0 

219  +  226 

3.2 

2)46  +  2),0 

17.5 

317 

18.? 

U18 

0.7 

h26 

o.?h 

J-67 

his 

1.52 

U9h 

9-3 

Sh3 

17.8 

715 

I.  hi 

792 

0.52 

968 

0.39 

0.88 

0.^7 

O.36 

0.282 

0.2? 

0.23U 

0.15 


0.365 

0.282 

0.2?), 

0.15 

0.091* 

0.091 

0.079 

0.077 

0.073 

0.061* 

o.o)i55 

0.0)405 

0.0323 


0.625 

0.288 
0.28U 
0.256 
0.25). 
0.238 
0.20U 


9.3    ±  0.8 

27.1  ±  0.9 
Ik. 9    ±  0.9 

2.UU  i  0.06 
0.97  i  o.ou 

13.2  t  0.6 


3U 


+  1 


0.286 

b3 

+ 

1 

0.256 

3.3 

4. 

0.2 

0.2?fi 

17.8 

+ 

0.7 

0.20k 

ih 

1 

0.179 

2-h 

+ 

0.1 

O.I76 

1.2 

0.2 

O.I70 

U4.8 

4. 

0.5 
0.3 

0.168 

7.7 

+ 

O.I67 

b3 

+ 

2 

0.158 

100 

o.iuo 

12.5 

+ 

0.7 

0.136 

5.3 

+ 

0.1 

0.125 

5.5 

+ 

0.3 

Table  6. 

The  -uncorrected  counts  and  the  correction  factors  used  to  determine 
gamma  ray  relative  intensities,  using  SSR  detector. 


C-amna-ray 
Energy 
(keV) 


Uncorrected 
Counts  in 
Thousands 


reak-tc-Tctal 

Ratio  (P/T) 


Efficiency 
(e) 


Relative 
Intensities 


Low  energy 

77 
186 
192 
219 
226 
21,0 
21,6 

High  energy 

186 
192 
219 
226 
2h6  +  2h0 
317 
hlo 
h26 
U67 

h9h 
SU3 
61,5 
663 
715 
792 
968 


198.0 
99.0 
22.0 
0.77 
10.0 

55*0 


385.0 
169.0 
2?.0 
9.08 
IkO.Q 
121.0 
U-36 

2.08 
21.8 
10.? 
53.0 
109.0 
0.65 

0.26 
8.7 
3.6 
2-5 


0.89 

0.U3 

0.1,2 

0.33 

0.316 

0.289 

0.27 


0.)43 

0.U2 

0.^"> 

0.316 

0.27 

0.16 

0.09U 

0.09 

0.077 

0.073 

0.0688 

0.0573 

O.Cl.,1, 

0.0)il8 

0.0^7 

0.0317 

0.02U8 


O.60J.1 
0.251 
0.21,6 
0.220 
0.215 
0.207 
0.202 


0.251 

0.21,6 

0.22 

0.215 

0.2 

0.17 

0.15 

0.11,8 

0.11,2 

O.lhl 

0.1395 

0.1?h5 

0.125 

0.12? 

O.II75 

o.n?5 
o.iou 


9.1 

4- 

0.7  ' 

25.2 

+ 

0.6 

1^.2 

0.6 

U..2 

0.2 

0.16 

+ 

0.01* 

2.3 

+ 

0.1 

13.9 

+ 

O.Ii 

25.2 

+ 

0.6 

11.6 

+ 

0.5 

2.2 

0.1 

0.95 

0.02 

18.2 

+ 

0.!, 

31.5 

+ 

0.8 

2.19 

+ 

0.06 

1.1 

+ 

0.05 

lh.  1 

+ 

o.U 

7-1 

+ 

0.3 

39 

+ 

1 

100 

0.8!. 

+ 

0.03 

0.36 

0.03 

1U.1 

+ 

0-7 

7.1 

+ 

0.? 

6.9 

+ 

0.3 
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Relative  intensities  of  gamma  rays  in  the 
beta  decay  of  Ptl99.    Gainma  ray  energies 
are  in  keV.    Relative  intensities  are 
given  in  parentheses. 


Reference  6 

Present  I 

1 01 

•k 

55  (no  ohctons) 

o.h  ) 

77 

(  9-2 

+ 

186  (  K0.1) 

186 

(  25.6 

+ 

0.8) 

192 

(  12.5 

+ 

0.7  ) 

21?  (  2.2) 

219 

(  2.7 

+ 

0.6  ) 

226  (  3.2) 

226 

(  0.9U 

+ 

0.06) 

2!>0 

(  2.^ 

+ 

0.1  ) 

2U6  (  16.3) 

2h6 

(  13-7 

+ 

0.3  ) 

317  (  35-8) 

317 

(  33 

+ 

1  ) 

U17  (  1.10 

U18 

(  2.3 

0.1  ) 

I425  (  2.3) 

Li  26 

(  1.11 

+ 

0.07) 

)467  (  12.6) 

U67 

(  1U.L 

+ 

O.k  ) 

k7li  (  9-9) 

U75 

(  6.8 

+ 

0.3  ) 

h9li  (  38.0) 

h% 

(  ho 

+ 

C  } 

5U3  (100.0) 

5b3 

(100) 

6hh  (  0.6) 

6U5 

(  0.8), 

+ 

0.03) 

665  (  1.2) 

663 

(  0.36 

+ 

0.0"*) 

715  (  12.2) 

715 

(  1^-U 

+ 

0.2  ) 

791  (  7-6) 

792 

(  5'-6 

+ 

0.7  ) 

836  (  l.U) 

8U1 

0.U2) 

889  (  2.1) 

89h 

0.16) 

967  (  6.3) 

968 

(  6.3 

+ 

0.7  ) 

intensities  were  assigned  to  those  two  gamma  rays,  which  were  not  found 
together  by  either  Black  (6)  or  by  Joshi  (3,5).    In  the  present  work  the 
assigned  energies  and  relative  intensities  were  186  and  192  keV  and  2£.6  +  0*8 
snd  12.5  ±  0.7,  respectively.    In  addition  to  Black's  (6)  new  eleven  gamma 
rays,  the  two  new  ores  192  and  2!.<0  keV  gamma  rays  were  found  in  the  present 
investigation.    The  relative  intensities  reported  by  Black  for  the  pairs 
219  and  226,  !jl8  and  b2£,  6h$  and  66?,  81,1  and  89li  keV  gamma  rays  were  not 
correct. 

Similarly  in  other  two  cases  186  and  2U6  keV  gamma  rays,  the  relative 
intensities  reported  by  Black  (6)  were  either  wrong  or  he  had  given  combined 
relative  intensities  of  186  snd  192  and  21>0  and  2U6  keV  gamma  rays,  which  he 
could  not  resolve  perhaps  due  to  poor  resolution  (the  resolution  was  not 
quoted  by  him) .    But  in  the  present  work,  these  pairs  are  resolved  and 
relative  intensities  have  been  found  for  each  gamma  ray  separately,  which 
were  not  reported  earlier. 

The  77  keV  gamma  ray  relative  intensity  was  found  in  the  present 
investigation,  which  was  not  reported  earlier,  by  Black  (6)  and  Joshi  (3,5)  • 
This  gamma  ray  was  mixed  with       X-rays  of  gold. 

The  procedure  to  separate  the  gamma  ray  intensities  from  that  of  K 
X-rays  is  given  in  the  Appendix. 
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APPENDIX 

Separation  of  gamma  ray  intensity  .-from  X-ray: 

Whenever  a  gamma  ray  was  mixed  with  an  X-ray,  either  with       or  with 
K  ,  .  to  find  the  intensity  of  gamma  ray  first  one  had  to  find  the  nunber  of 
counts  under  the  X-ray  peaks  and  correct  it  for  background.    Then  correction 
was  made  for  the  uncorrected  counts  with  peak-tO-total  ratio  and  detection 
efficiency.    This  gives  the  corrected  counts  in  the  two  X-ray  peaks. 

In  the  case  of  Ft1"  dec^y,  77  keV  gamma  ray  was  mixed  with  Xp,  X-ray: 
so  following  the  above  procedure  the  corrected  counts  were  found  for  X^ 
and         +  77  keV.    Then  using  the  formula  given  below,  from  the  reference  (12) 


The  different  ratios  for  Pt"1"^  to  Air^9  decay  were  found  from  reference 

(12). 

K^A^,  -  0.5U85 

X£/X^  =  0.3lt65 

using  these  ratios  in  equation  (l),  '^p/X^  =  f  vrrs  found.    This  ratio, 
K  ^  ■  fX^w^s  used  to  find  the  actual  corrected  counts  in  X^nlonc.  Then 
subtracting  these  corrected  counts  oT  K^from  X^+  77  keV,  the  corrected 
counts  in  77  keV  gamma  ray  were  found.    These  counts  were  used  to  find  the 
relative  intensity  of  77  keV  gamma  my. 

In  this  case  the  relative  intensity  for  77  keV  gama  ray  was  found  to 
be         £  O.Ii. 


(1) 
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The  relative  intensities  of  gamma  rays  in  beta  dec-y  of  Pt*°°  were 
studied  using  lithium-drifted  germanium  detectors.    The  radioactive 
was  produced  by  the  slow  neutron  capture  in  platinum  metal  which  was  iso- 
topically  enriched  in  ?t  ^    to  an  extent  of  Ui.36  atomic  per  cent. 

Quantities  of  two  milligrams  of  platinum  metal  in  the  powder  form  was 
packed  in  aluminum  foils  and  were  irradiated  for  thirty  minutes  in  the  Triga 
Mark  II  reactor  at  the  Kansas  State  University. 

In  all  nineteen  gamma  rays  were  found  to  have  a  half -life  of  thirty 
minutes  and  were  assigned  to  the  beta  decay  of  Pt  The  energies  of  these 

gamma  rays  are  77,  186,  192,  219,  226,  21*0,  2U6,  317,  U8,  U26,  k&t $  US, 
192,  5U?,  6L£,  66?,  715,  792,  and  968  keV.    Their  photon  intensities  relative 
to  5U1  keV  gamma  (taken  to  be  100 )  ray  are  7.3,  2£.6,  12.5,  2-7,  0.9U,  2.3, 
13.7,  33,  2.3,  1.11,  lh.h,  6.8,  U0,  100,  0.81*,  0.^6,  13. U,  5-6,  and  6.3. 

Two  new  gamma  rays  of  energies  192  and  2)40  keV  were  found  and  their 
relative  intensities  were  determined  accurately.    Mo  strong  evidence  was 
found  for  the  8U1  and  39U  keV  gamma  rays  which  were  reported  earlier.  If 
they  are  indeed  present,  the  reported  intensities  are  found  to  be  incorrect. 
The  upper  limits  for  their  relative  intensities  are  found  to  be  O.h.2  and  0.16, 
respectively. 

In  this  investigation,  the  relative  intensity  of  77  keV  gamma  ray  which 
was  mixed  with  K    X-rays  of  gold  was  determined  for  the  first  time.  This 
was  possible  due  to  the  good  resolution  of  the  Ge(Li)  detectors. 

These  new  results  indicate  that  the  presently  known  decay  scheme  of 
?t^99  is  not  entirely  correct  and  needs  a  thorough  investigation. 


